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The laminar magnetohydrodynamic free convection flow in a two-dimensional domain is 

investigated using a coupled formulation of the Navier–Stokes and Maxwell 

electromagnetic equations. This numerical study explores the interaction between the 

Lorentz force, generated by an externally applied magnetic field, and the buoyancy force 

within an electrically conducting nanofluid-saturated square open-ended cavity. The 

enclosure is bounded by cold isothermal walls, except for the bottom wall, where a 

linearly varying thermal condition is imposed.  

 

 

The finite volume method is employed to discretize the dimensionless transport equations 

governing the physical phenomenon, represented by the stream function–vorticity 

formulation, and the resulting algebraic equations are solved iteratively using an under-

relaxation coefficient. The influence of several pertinent parameters, including the 

Hartmann and Rayleigh numbers, magnetic field tilt angle, and nanoparticle volume 

fraction, is analyzed.  

 

 

The derived results corroborate that, under convection-dominated heat transfer mode, the 

amount of fluid entering the enclosure, the intensity of fluid circulation, and the 

convective heat transfer rate all decrease with increasing magnetic field strength, 

irrespective of the applied magnetic field angle. However, while nanoparticle inclusion 

markedly enhances heat transfer, it influences fluid dynamics in two distinct manners: it 

impedes flow motion when Lorentz forces are present but promotes it in the absence of 

Loretz forces. 
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